Intravascular ultrasound has been used for >20 years to guide percutaneous coronary intervention in different subsets of coronary lesions. During the last decade, the interest in percutaneous coronary intervention for chronic total occlusion (CTO) has increased dramatically, leading to high success rates. Failure of guidewire crossing is the most common reason for failed CTO attempts. Certain angiographic features, such as blunt proximal CTO cap, tortuosity, heavy calcification, and lack of visibility of path in the distal vessel, increase procedural difficulty. A better understanding of the behavior of the guidewire within the CTO segment may represent a key issue to achieve successful outcome. In this respect, intravascular ultrasound imaging might have potential roles in the recanalization of CTOs. In this paper, we focused on the usefulness and the applications of intravascular ultrasound imaging in percutaneous CTO recanalization, underlying its impact on clinical outcome. (J Am Coll Cardiol Intv 2016;9:1979-91)
D
uring the last decade, the interest in chronic total occlusion (CTO) percutaneous coronary intervention (PCI) has increased dramatically, leading to important developments in dedicated equipment and techniques (1) (2) (3) . Although high success rates (80% to 90%) have been reported by experienced operators (4-6), they remained lower than those achieved in conventional angioplasty.
Failure of guidewire crossing is the commonest reason for failed CTO attempts. Certain angiographic features such as blunt proximal CTO cap, tortuosity, heavy calcification, and lack of visibility of path in the distal vessel increase procedural difficulty (7) .
Therefore, a better understanding of the behavior of the guidewire within the CTO segment might represent a key issue to achieve successful outcome. years to guide PCI in different subsets of coronary lesions (8) (9) (10) . In CTO PCI, IVUS might have several potential roles: some specific to the key challenge of CTO recanalization (i.e., wire crossing), others in common with complex long calcified lesions such as optimal sizing and expansion of the stents (11) .
In this current state-of-the-art paper, we focus on the usefulness and the applications of IVUS in percutaneous CTO recanalization, underlying its impact on clinical outcome.
SPECIFIC APPLICATIONS OF IVUS IN CTO PCI IVUS APPLICATIONS IN ANTEGRADE APPROACH.
IVUS has multiple uses in antegrade approach such as resolving proximal cap ambiguity (12) (13) (14) , facilitating re-entry into the true lumen after subintimal crossing (15, 16) and confirming distal true lumen guidewire position.
S t u m p l e s s l e s i o n .
The absence of a well-defined stump is a major limitation for CTO recanalization (17, 18) . Under the definition of "stumpless," however, Multislice computed tomography can offer an indication on direction and presence of tortuosity and calcification at the entry point and along the occluded segment (19) . However, even the most sophisticated co-registration system is unable to truly offer direct guidance during the procedure, a unique advantage offered by IVUS.
The general principle is that the IVUS probe is advanced into the side branch and during pull-back the precise location of the occlusion and the presence of calcium are identified. Any side branch originating at the site of occlusion can be used provided it is large enough to accept an IVUS probe and there are no extreme angulations or ostial stenosis (or calcification) preventing the insertion of the IVUS probe.
There are 2 ways to support the guidewire engagement into the occlusion stump by IVUS (Figures 1 and 2 ). Reinserting the IVUS probe will show the highly reflective guidewire within the CTO stump and follow it in its first path or, vice versa, suggest immediate withdrawal and trying a different entry point.
The use or at least the availability of IVUS for stumpless lesions is highly recommended and may prevent subintimal entry at proximal cap due to the wrong identification of the CTO stump. Specific expertise for this indication is highly recommended and proctoring by an experienced CTO operator liberally using IVUS is mandatory to extract the full potential information from the IVUS imaging.
A n t e g r a d e r e -e n t r y . LAD ¼ left anterior descending.
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is within reach before attempting a re-entry with the StingRay can make the operator more confident in using a relatively bulky device and extra-stiff wires.
A parallel wire technique, leaving the first guidewire in the subintimal space and advancing a dual lumen catheter such as a Crusade (Kaneka, Osaka, Japan), may also benefit from a confirmation of the position of the true lumen and relationship with the first guidewire using IVUS.
IVUS APPLICATIONS IN RETROGRADE APPROACH.
During retrograde CTO procedures, the IVUS probe In case of bifurcations with blunt stump (e.g., left
anterior descending diagonal branch), a complex situation consists of an intrastent CTO, where the stent Galassi et al. Abbreviations as in Figures 1 and 2 . In the IVUS-XPL (Effect of Intravascular Ultrasound-
Galassi et al. J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S

Guided vs Angiography-Guided Everolimus-Eluting
Stent Implantation) randomized trial, IVUS use was allowed at any step of PCI in the IVUS-guided stent implantation group (24) . IVUS evaluation before and during PCI was left to the operator's discretion, whereas IVUS examination was mandatory after PCI.
The criterion for stent optimization was defined as a minimal lumen cross-sectional area greater than the lumen cross-sectional area at the distal reference Galassi et al. Galassi et al. 
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